Introduction
Malaria is a parasitic vector-borne disease caused by a protozoan parasite of the genus Plasmodium. The disease is transmitted to humans by a mosquito of the genus Anopheles. Each time an Anopheles mosquito bites an infected person, it becomes infected with the malaria parasite. Thereafter, the malaria parasites replicate inside the mosquito's body. The mosquito then retransmits the parasites to anyone that it bites through its saliva. The parasites undergo series of transformations inside the human body until malaria symptoms become apparent in about seven to twenty one days after infection. Malaria is a serious disease which if left untreated could result in death. According to World Health Organization (WHO) estimates malaria is responsible for almost one million deaths a year in Sub-Saharan Africa. However, malaria is a disease that can be prevented, if standard and adequate measures are put in place, or contained, leading to an outbreak of the disease in small proportion (epidemic), or even widespread outbreak of the disease (endemic).
The first attempt at mathematical modeling of malaria is attributed to Ross [1] . A major extension of Ross' model was carried out by Macdonald [2] . In its simplest form, the Ross-Macdonald model has the representation:
Ever since, there has been various modifications, improvements and advancements in mathematical modeling of malaria. In their model, Aron and May [3] considered some malaria characteristics such as an incubation period in the mosquito, a periodically fluctuating density of mosquitoes, superinfection and a period of immunity in humans. Anderson and May [4] considered the effect of age structure on the basic RossMacdonald model. Roberts and Heesterbeek [5] gave an overview of the use of mathematical models to explain the epidemiology of infectious diseases, and to assess the potential benefits of proposed control strategies with special reference to malaria. Chitnis [6] modeled malaria using ordinary differential equations. He analyzed the existence and stability of disease-free and endemic equilibria. This is an attempt to investigate the effects of certain parameters involved in the dynamics of malaria epidemiology through mathematical modeling, with the aim of describing the distribution of the disease, identifying the risk factors, for the disease, and providing a source of information for planners and administrators involved in various prevention, detection and control programmes. [5] we analyze a simple malaria model as follows: where = Fraction of infected human. = Fraction of infected mosquitos.
II. Materials and Methods

Following Roberts and Heesterbeek
Number of female mosquitoes per human host in an infection free state.
= Per biting rate of mosquitoes on humans. = Probability that a bite by an infectious mosquito transmits the agent. = Probability that a bite of an infected human by a susceptible mosquito results in transmission of the agent to the mosquito. = Rate at which humans recover from infection. = Per capita death rate of mosquitos. We introduce dimensionless variable for fraction of infected human, fraction of infected mosquitos and time. That is, we let Then Substituting (7) -(12) into the first equation of (3) gives:
Similarly, on substituting (7) -(12) into the second equation of (3) gives:
Therefore, the non-dimensionalized equations are Where is the per capita biting rate of mosquitoes on human.
is the number of female mosquitoes per human host in an infection free steady state.
is the per capita death rate of mosquitoes.
Equilibria
Disease free equilibrium:-This is the equilibrium that is attained by an entirely healthy population in the absence of mosquitoes:
Endemic equilibrium:-At this state, the human contains the susceptible and infected. The equilibrium generally takes the form:
Stability Analysis
The jacobian matrix of (20) is represented by:
The linearization of equation (20) at is:
where The eigenvalue relation of (26) is:
Thus, 
III. Results and Discussion
System (20) is solved numerically using Runge-Kutta integration scheme with a modified version of Newton-Raphson shooting method with as prescribed parameters. The computations were effected with the aid of MAPLE software package. It is observed that the population of infected mosquitoes, y(t), increases as per capita biting rate of mosquitoes on human, β, decreases. The population of infected human, x(t), increases as per capita biting rate of mosquitoes on human, β, increases. The population of infected mosquitoes decreases as the human recovery rate, α, increases. The population of infected human increases as the human recovery rate, α, increases. The population of infected mosquitoes increases as the number of female mosquitoes per human host in an infection free steady state σ increases. The population of infected human increases as the number of female mosquitoes per human host in an infection free steady state σ increases. The population of infected mosquitoes decreases as per capita death rate of mosquitoes, v, increases. The population of infected human increases and later decreases as per capita death rate of mosquitoes v increases.
IV. Conclusion
A simple malaria model that captures the essential elements of malaria epidemiology has been analyzed and investigated, resulting in a system of ordinary differential equations (ODEs). The simulations were conducted using the Runge-Kutta integration scheme with a modified version of Newton-Raphson shooting method with (the per capita biting rate of mosquitoes on human), (the human recovery rate), (the number of female mosquitoes per human host in an infection free steady state) and (the per capita death rate of mosquitoes) as prescribed parameters. The results obtained showed that the parameters involved play a crucial role in the interaction between infected human and infected mosquito. The mathematical modeling of malaria epidemiology as carried out in this research work would go a long way in assisting governmental bodies and health administrators in establishing curative and preventive control measures towards the eradication of malaria.
